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ABSTRACT 

Engine  b u r n  t i m e  and l o s s e s  due t o  g r a v i t y  were 
computed as a f u n c t i o n  of t h r u s t / w e i g h t  r a t i o  for two m i s s i o n s :  
(1) i n < j e c t i o n  o n t o  a t r a n s l u n a r  t r a j e c t o r y ,  and ( 2 )  t r a n s f e r  
from a 1 0 0  n a u t i c a l  m i l e  c i r c u l a r  o r b i t  t o  synchronous  o r b i t  
a l t i t u d e .  The v a r i a t i o n  of  t h e  c i r c u l a r i z a t i o n  impulse  r e -  
q u i r e d  a t  synchronous  a l t i t u d e  w i t h  t h r u s t / w e i g h t  r a t i o  was 
a l s o  d e t e r m i n e d .  

Data were o b t a i n e d  for two v a l u e s  o f  s p e c i f i c  i m -  
p u l s e ,  one r e p r e s e n t a t i v e  o f  n u c l e a r  r o c k e t s  and t h e  o t h e r  
of advanced  c r y o g e n i c  chemica l  r o c k e t s .  
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The purpose  of  t h i s  s t u d y  was t o  p r o v i d e  da ta  from 
which t h r u s t / w e i g h t  e f f e c t s  can be  e v a l u a t e d  i n  per formance  
a n a l y s i s .  Losses  due t o  g r a v i t y  were examined f o r  t r a n s f e r  
t o  an  e l l i p s e  w i t h  a s p e c i f i e d  a p o a p s i s  a l t i t u d e  from a 1 0 0  
n a u t i c a l  m i l e  c i r c u l a r  ea r th  o r b i t .  The f i r s t  c a s e  was a 
t r a n s l u n a r  i n j e c t i o n  b u r n ,  and t h e  second was a burn  t o  r e a c h  
s y n c h r o n o u s - o r b i t  a l t i t u d e .  I n  b o t h  c a s e s ,  a r ange  of  t h r u s t /  
we igh t  r a t i o s  and s p e c i f i c  i m p u l s e s  ( Isp,  of  460  seconds  and 
825 seconds  were c o n s i d e r e d .  

I n  a l l  c a s e s ,  t h e  e q u a t i o n s  o f  motion were i n t e g r a t e d  
w i t h  t h r u s t  t a n g e n t  t o  t h e  v e l o c i t y  v e c t o r  (as e s s e n t i a l l y  
o p t i m a l  s t e e r i n g )  u n t i l  t h e  i n s t a n t a n e o u s  o s c u l a t i n g  e l l i n s e  _had 
a t t a i n e d  t h e  r e q u i r e d  a p o a p s i s  a l t i t u d e .  The f u e l  consumption 

( E  I g In W /W ) are  t h e r e b y  d e t e r -  o f  and t h e  e q u i v a l e n t  AVtota l  

mined.  The d i f f e r e n c e s  between t h e  i m p u l s i v e  AVideal r e q u i r e d  
f o r  t r a n s f e r  t o  an  e l l i p s e  o f  t h e  same a p o a p s i s  a l t i t u d e  and 

i s  t h e  l o s s  due t o  g r a v i t y .  " t o t a l  

SP 

T r a n s l u n a r  I n j e c t i o n  Burn 

An impulse  o f  1 0 , 2 5 0  f e e t / s e c o n d ,  added t o  c i r c u l a r  
v e l o c i t y  i n  a 1 0 0  n .  m. e a r t h  o r b i t ,  was used  t o  c h a r a c t e r i z e  
a t r a n s l u n a r  t r a j e c t o r y .  The f i n i t e  b u r n s  were t h e n  t a r g e t e d  t o  
r e a c h  t h e  same a p o a p s i s  a l t i t u d e  ( 1 8 2 , 2 9 4  n .  m.). T h r u s t  t o  
i n i t i a l  g r o s s  weight  r a t i o s  o f  .05 - .60 were examined. 

The l o s s e s  f o r  bo th  I 's a r e  g i v e n  i n  F i g u r e  1, and 
SP 

t h e  bu rn  t imes i n  F i g u r e  2 .  
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Burn t o  Reach Synchronous O r b i t  A l t i t u d e  

An impu l se  of 8 ,079 f e e t / s e c o n d  added i n  a 1 0 0  
n a u t i c a l  m i l e  c i r c u l a r  ear th  o r b i t  c h a r a c t e r i z e s  t r a n s f e r  t o  
synchronous  o r b i t  a l t i t u d e .  The f i n i t e  b u r n s  were t h e n  t a r -  
g e t e d  t o  reach t h e  same a p o a p s i s  a l t i t u d e  ( 1 9 , 4 4 1  n .  m . ) .  
T h r u s t  t o  i n i t i a l  g r o s s  weight  r a t i o s  o f  , 035  t o  . 600  were 
examined.  

The l o s s e s  f o r  b o t h  I ' s  are  g i v e n  i n  F i g u r e  3 and 
SP 

b u r n  t imes  i n  F i g u r e  4 .  

Fo r  t h e  synchronous -o rb i t  c a s e ,  t h e  c i r c u l a r i z i n g  
This  was eomputed as a n  impu l se  a t  

These c i r c u l a r i z i n g  i m p u l s e s  

AV was a l s o  de t e rmined .  
a p o a p s i s  ra ther  t h a n  a f i n i t e  bu rn  s i n c e  g r a v i t y  l o s s e s  a t  
t h i s  a l t i t u d e  are n e g l i g i b l e .  
are g i v e n  b o t h  w i t h  and wi thou t  a 2 8 . 5 "  p l a n e  change ( i . e .  
c h a n g i n g  t o  a n  e q u a t o r i a l  o r b i t  a f t e r  a due -eas t  l a u n c h  from 
Cape Kennedy) ar,d f o r  b o t h  I ' s  i n  F i g u r e  5 .  Burnout  a l t i -  
t u d e s  ( a l t i t u d e  o f  t e r m i n a t i o n  o f  t h e  f i n i t e  b u r n )  are g i v e n  
i n  F i g u r e  6.  The lower  t h r u s t / w e i g h t  l e v e l s  lead t o  h i g h e r  
b u r n o u t  a l t i t u d e s .  
b u r n o u t  a l t i t u d e s  have h i g h e r  a p o a p s i s  v e l o c i t i e s  which are 
r e s p o n s i b l e  f o r  t he  lower  c i r c u l a r i z i n g  AV r e q u i r e m e n t s .  

SP 

The e l l i p s e s  a s s o c i a t e d  w i t h  these  h i g h e r  

E f f e c t  o f  Is 

I n i t i a l  a c c e l e r a t i o n s  are i d e n t i c a l  f o r  t h e  same 
t h r u s t / w e i g h t  r a t i o  and d i f f e r e n t  I ' s .  However t h e  I ' s  

d e f i n e  d i f f e r e n t  f u e l - f l o w  r a t e s  which t h e n  c a u s e  t h e  a c c e l e r a -  
t i o n  h i s t o r i e s  o f  t h e  two burns  t o  d i v e r g e .  T h i s  r e s u l t s  i n  
l o n g e r  bu rn  times and h ighe r  g r a v i t y  l o s s e s  f o r  t h e  h ighe r  I 
a t  a g i v e n  t h r u s t / w e i g h t  r a t i o .  

SP SP 

SP 

A .  L.  S c h r e i b e r  
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